Summary. The anterior spinal artery syndrome in three patients is described and from the literature 60 additional patients were collected. Motor recovery in the following groups of patients was noted: (I) Partial loss of motor function and pain sensation-70'4 per cent (19/27); (2) Complete motor loss but partial loss of pain-83 3 per cent (5/6); (3) Paresis but pain sensation absent-66'7 per cent (6/9); and (4) Absent motor function and pain-38-9 per cent (7/18). Motor recovery was also found to vary according to aetiology: (A) Unknown cause-92'9 per cent (13/14); (B) Post-infection or vaccination-88'9 per cent (8/9); (C) Anterior spinal artery occlusion-33'3 per cent (3/9); CD) Spinal cord angioma-20 per cent (2/10); and (E) Aortic lesion-20 per cent (1/5).
Introduction
THE anterior spinal artery (ASA) syndrome was first described by Spiller (1909) in a patient with ASA thrombosis; and infarct was noted at autopsy in the anterior part of the spinal cord, extending from C4 to T3. Subse quently, it was found that this syndrome could also be the result of a fall in perfusion pressure (Garland et al., 1966) , or local interference with the spinal cord blood supply (Mosberg et al., 1954; Weisman and Adams, 1944) .
The necrosis at the site of infarct is less extensive than that seen in patients with anterior spinal cord injury (Foo et al., 1982 ).
Here we report three patients. The literature was reviewed with regard to the relationship between the motor recovery and the initial neurological deficits, and between the motor recovery and the aetiology of the syndrome.
Case Reports
Patient I. A 57-year-old man presenting with clumsiness and weakness of his left hand, developed spasms and weakness with Renografin-60. Intravenous Decadron, Mannitol and Phenobarbital were given, but in the ensuing 24 hours, he became tetraplegic with pain sensation absent but touch and proprioception preserved below C4 bilaterally.
There was some moror return in the left hand and legs before the patient was transferred to our centre four months after the onset of symptoms. Examina tion of the mental status and cranial nerves was normal. Except for some slight motion of the deltoid and biceps, the right upper limb was paralyzed; the left arm was severely paresed, with only slight voluntary deltoid, biceps, triceps and wrist flexion and extension power. Both upper extremities were flaccid and areflexic. The legs were weak, spastic and hyperreflexic with bilateral Babinski signs. Pain sensation was absent below C5 on the right and C4 on the left. Hypesthesia in C6-C8 on the right and from C4 to TI on the left was noted. Vibration was decreased at and below the shoulders but position sense was normal.
The patient showed no further motor improvement. Touch and vibration gradually returned to normal in the arms but pain sensation was unchanged. When he was discharged four months later, he was confined to a wheelchair.
Patient 2. A 27-year-old man was found, on radiological examination, to have an acute aneurysmal dilatation of the thoracic aorta after an automobile accident. He underwent surgical repair of the aorta on the same day. The thoracic aorta proximal to the left subclavian artery was found to be completely transsected; the only tissue holding the blood in place was the mediastinal pleura. The aorta was reconstructed with a Dacron graft. Cross clamping time of the aorta was about eight minutes. The patient was not hypotensive throughout the procedure. Immediately after the operation, he was noted to have flaccid paralysis of the legs with analgesia but normal proprioception below T9 on both sides. There was no neurological improvement after one year. (As far as the patient could recall there was no paralysis of the legs prior to the abdominal operations).
Patient 3. A 43-year-old man with a history of cervical spondylosis experienced severe chest and left arm pain when he was driving. Electrocardiogram was normal.
Within 24 hours, the patient developed stiffness of the legs and paresthesia of the hands. Urinary retention occurred on the next day. Neuro logical examination two days after the onset showed paresis of the arms and the right leg and paralysis of the left leg. Pain sensation was impaired below T6 on both sides. Cervical pantopaque myelogram revealed enlargement of the spinal cord from C3 to C6 vertebral segments and multiple spondylotic bars from C 3 to C7. Cerebrospinal fluid was clear with a protein level of 80 mgjdl. Laminectomy from C3 to C6 was performed three days after the ictus. The meninges were opened and the dentate ligaments were cut. There was no epidural or subdural bleeding. The cervical spinal cord was flat anteroposteriorly.
There was some motor return in the legs after the operation. The patient was transferred to our centre six weeks post-laminectomy. Mental and cranial nerve functions were normal. Motor functions of deltoids and biceps were normal; other muscles in the upper and lower limbs were weak. The legs were spastic and hyperreflexic with bilateral Babinski signs. Biceps and brachioradialis reflexes were normal, but triceps reflexes hypoactive. Analgesia was present below T2 on the right and T 4 on the left; touch and proprioception were normal.
After admission, further motor recovery was seen in all the extremities, but there was no return of pain sensation. Five months later, he was ambulating with a left short leg brace and two forearm crutches.
Review of the Literature
The literature of ASA syndrome with bilateral non-traumatic spinal cord involvement and dissociated sensory loss was reviewed. A total of 60 patients, 26 males and 34 females, with adequate clinical information were studied (Table I ). The probable causes are set out in Table II .
The neurological information was obtained from the history and physical examination in the patient's first clinic visit. 'Paralysis' or 'para plegia', in contrast to 'paresis' or 'paraparesis', was defined as 'a com plete loss of motor power', unless the motor function of the individual Table III shows the presence of varying degree of motor return in the patients. The mortality is analysed in Table IV .
In Table V , the prognosis in relation to the aetiology of the syndrome is shown. The outlook for recovery appeared to be more favourable in the patients with an unknown cause (92·9 per cent or 13/14) or post infectious myelopathy (88°9 per cent of 8/9) than in those with an ASA occlusive lesion (33·3 per cent or 3/9), spinal cord angioma (20 per cent or 2/10) or aortic disorder (20 per cent or 1/5). The absence of both motor function and pain sensation was noted in 28·6 per cent (4/14), 0 per cent, 44'4 per cent (4/9), 0 per cent and 60 per cent (3/5) of these five groups of patients, respectively,
Discussion
The clinical picture of ASA syndrome varies with the level of ischaemia. There is different degree of muscle weakness and dissociated sensory loss: pain sensation is decreased or absent while proprioception is relatively or completely spared. The loss of motor power usually parallels that of pain because of the anatomical proximity of the pyramidal and spinothalamic tracts in the cord. Rarely, this syndrome can also be the result of a cental spinal cord infarct (Hogan and Romanul, 1966) .
Lues was at one time a common cause of ASA syndrome (Henneaux, 1960; Spiller, 1909; Steegmann, 1952) . In children, it is often associated with post-infectious or post-vaccination myelopathy (Paine and Byers, 1953) . In adults, spinal cord angioma or vascular malformation is probably the most common aetiology (Hughes, 1978; Wyburn-Mason, 1943) . Myelopathy was occasionally the result of angiography of the aorta, vertebral artery, or spinal cord but the frequency of this complication has been greatly reduced since the introduction of less toxic contrast material (Killen and Foster, 1966) . Patient I developed neurological symptoms when he was undergoing a trans femoral vertebral angiogram with Reno grafin-60. Myelopathy following catheter vertebral angiography has been described, but Renografin-60 was implicated in only one patient in the literature (Lyon, 1971) . Patient 2 was found to have a thoracic aortic aneurysm after an automobile accident but he did not become paralysed until after surgical intervention; hypotension was absent and cross clamping time of the aorta was not prolonged, Spinal cord infarct secondary to post-traumatic aortic aneurysms has not been reported (Mulder and Grc,llman, 1969; Parmley et ai., 1958; Strassman, 1947) . This is probably because most of these patients die shortly after injury without autopsy of the spinal cord and, in those who survive and develop a chronic aortic aneurysm, there is no interference with the spinal cord circulation. On the other hand, myelopathy sometimes follows aortic surgery (Garland et ai., 1966; Hogan and Romanul, 1966) . In Patient 2, traumatic dis section of an anterior medullary artery might have occurred and the spinal cord blood supply was probably further reduced during operation. Cervical spondylosis is rarely complicated by ASA syndrome: at autopsy, a patient was noted to have ASA thrombosis (Hughes and Brownell, 1964) , but another patient had a patent ASA (Clinicopathological Conference, 1968) . In these two patients the authors suggested that minor neck movements might have been the precipitating factor. Patient 3, who had cervical spondylosis, developed symptoms while driving and there was no history of neck movement. The causal relationship between cervical spondylosis and ASA syndrome requires further investigation.
About 60 per cent of the patients with ASA syndrome regained some motor function after several days (Table III) , but complete motor return was unusual (Table I ). The patients with some preservation of motor function or pain sensation below the level of lesion progressed better than those without these two functions (Tables III and IV) . Similar to the completely paralysed patients with anterior spinal cord injury (Foo et ai., 1981) , the prognosis was worse when there was no sparing of pain sensation (Table III) . The loss of motor or pain function associated with spinal cord angiomas is usually incomplete (Wyburn-Mason, 1943) , but the neurological deficits tend to recur and total excision of the lesion is difficult. The outlook for recovery was more favourable in patients with an unknown aetiology or post-infectious myelopathy than in those with an ASA occlusive disease or aortic disorder; this correlated with the severity of their neurological deficits (Table V) . RESUME Les auteurs decrivent 3 patients avec un syndrome de l'artere spinale anterieure et revoient les 60 cas publies dans la litterature. Une amelioration motrice se manifesta dans les groupes de patients suivants, ceux avec: (I) perte partielle de la motricite et de la sensibilite douloureuse -7004% (19/27); (2) perte complete de la motricite avec preservation partielle de la sensibilite douloureuse -83, 30 0 (5/6); (3) paresie mais analgesie -66, 7%(6/9); et (4) perte complete de la motricite et de la sensibilite douloureuse -38,9%(7/18). La recuperation mot rice se trouva aussi varier selon l'etiologie du syndrome: (a) etiologie inconnue -92, 9%(13/14); (b) post-infectieuse ou post-vaccinale -88, 9%(8/9); (c) occlusion de l'artere spinale anterieure -33, 3°;,(3/9; (d) angiome medullaire -200�(2/IO); et (e) lesion aortique -20%(1/5). L'analyse de l'ensemble des cas revi:le que les patients avec preservation sous-Iesionnelle de la motricite ou de la sensibilite douloureuse ont un meilleur pronostic que ceux sans ces deux modalites. La recuperation neurologique depend aussi de l'i:tiologie du syndrome. 
